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performance (COP) of these thermoacoustic refrigeration systems is relatively low compared to its 
conventional counter parts [1]. Optimization of a thermoacoustic refrigerator is important in the design to 
make it competitive for consideration by the general public. The optimization of the thermoacoustic 
refrigerator can be divided into two main categories; geometrical and operating parameters. The former 
was done byWetzel and Herman [2],Tijani et al. [3], Babaei and Kamran[4], Zink et al. [5]. Their
parameters include the stack length and position, the plate spacing and the resonator length. Minner et al. 
[6], Emmanuel and Azrai [7], Tasnim et al. [8] were associated with the operating parameters 
optimization which include the frequency, working fluid, temperature, and pressure in the resonator. 
The preceding brief review indicates the limited comprehensive optimization schemes that have 
been applied to date on thermoacoustic refrigeration systems. They are limited to the local 
optimum/minimum. Multi-objective Genetic algorithm (MOGA) is a relatively recent optimization 
scheme with a strong ability in global search for the optimized solution(s) [9]. It has not been tried on a 
thermoacoustic refrigerator yet. This paper reports the results of a MOGA optimization scheme applied to 
a thermoacoustic refrigerator; in a simultaneous two-parameter and four-paramter optimization. The 
system investigated follows that of Tijani et al [3] because their system was built and tested for its COP.
2. Optimization algorithm using MOGA
In a thermoacoustic refrigerator, the heat removed from the cold heat exchanger is Qc at Tc and 
the net work used to accomplish this effect is W, the acoustic power used to sustain the standing wave 
against the thermal and viscous dissipations.  The rest of the acoustic power is used in the thermoacoustic 
effects to transport heat from the cold heat exchanger to the hot exchanger. The expression of the heat 
flow and acoustic power can be rewritten in a dimensionless form[3], 
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In this study, the MOGA optimization scheme is applied to a system designed and tested by 
Tijani et al.[3] for comparison purposes. Two objective functions chosen are the minimization of the 
acoustic work at the stack and the maximization of the cooling load at the stack, Eqs. (1) and (2). MOGA 
optimization scheme in MATLAB toolbox is first used to see if the results of Tijani et al. [3]are 
duplicated, in the two-parameter optimization.This involved optimization of the stack center position and 
length. In MOGA, from an initial population, through a probabilistic technique, an intermediate 
population that has a higher representation of the strong species is generated. Through cross-over mating 
and modification with mutation, subsequent population is produced. The procedure is repeated until the 
termination condition isreached[10]. Then, with the same objectives, simultaneous optimization of the 
stack center position (xsn) and stack length (Lsn), blockage ratio (BR), and drive ratio (DR) are done. The 
MOGA scheme was applied where the parameters of Tijani et al. [3] are now instead of being discretely 
varied, are given in the range of 0.06 xsn LsnBRDQGDR. 
3. Results and discussions
The two parameters optimization shows that the MOGA scheme obtained what could be 
achieved with parametric optimization, minimum work and maximum cooling at the stack. Fig. 1 shows 
the outcome the two parameters optimization. Fig. 1(a) repeats what has been obtained by Tijani et al[3]. 
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Fig. 1 (a) Optimization results with GA using parameters from Tijani et al (2002),(b)Length of stack versus COP
Fig. 1(b) shows that there is a sharp increase in the COP as the stack length increases. An 
increase of about 5% in the COP is achievable with Lsn= 0.24 compared to that at 0.23. Beyond 0.24, the 
COP drops gradually showing the ineffectiveness of increasing the stack length further. Earlier, with the 
fixed parameters and discrete optimization procedure, optimized Lsn was found to be 0.23, the stack center 
position remaining the same.  Expressed dimensionally, the stack center position, xs = 5.9 cm and stack 
length, Ls = 6.4 cm with the cooling power Qn = 4.71 W.
A third parameter, BR,representing the plate spacing is then added to the system. Optimized 
plate spacing creates sufficient thermal contact for heat exchange with the stack wall and produces a time 
delay between motion and heat transfer which is necessary to pump heat.The combination of normalized 
cooling power,Qcn and acoustic work,Wnthat provides optimum COP =1.34 are 6.98x10-6 and 5.19x10-6
respectively. In normal unit, the cooling power,Qc = 7.54 W and acoustic work, W = 5.6 W. The increase 
of the cooling power extracted from the stack is 88.5 % compared to Tijani et al. [3], an increase of 60% 
compared to the two parameters optimization.  
   (a)       (b)
Fig. 2 The relation of COP with (a) Length of stack ,Lsn(b) Blockage ratio, BR
Figure 2a shows the relationship between the Lsn and COP of the stack. The optimum COP 
achieved is 1.34 withLsn = 0.25, xsn = 0.22 andBR = 0.73. Fig. 2b shows the relationship between BR and 
COP.  The highest COP of 0.72 occurs at BR = 0.73. Although Tijani et al. [3] suggested that the spacing 
should be 2įk< 2y0< 4įk, there is still a wide range of the COP for the thermoacoustic refrigerator.Finally, 
the algorithm was completed for the same two objectives for the simultaneous optimization of the Lsn, xsn, 
DR, and  BR.The Pareto front for the two objectives is shown in Fig. 3a. Fig. 3b shows the relationship 
between y0, Lsn, and xsn, and the COP.The highest COP at 1.35 happens with the combination of thexsn = 
0.21,Lsn = 0.26, BR = 0.7314, and DR = 0.023. These translate intoxs = 7.8 cm and Lsn 9.3cm. The 
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dimensionless cooling power of 5.86x10-6, provides 5.22 W of cooling load with 4.87 W of acoustic work 
required to achieve it. The cross-sectional area of the stack, A, is 12 cm2.The cooling load achievable is 
30.5% higher compared to that of Tijaniet al [3]. For every particular COP, the combination of the 
parameters is unique but for a certain COP, there are options available. Specifically, at COP = 1.21 and 
COP = 1.29, there are two points that provide the COP. By using MOGA, the designer has more options 
to design the system with the preferred COP. 
(a) (b)
Fig. 3 (a) Pareto front of Cooling power(Qcn) versus Acoustic work(Wn) (b) y0,Lsn and xsnversus COP 
4.Conclusions
Optimization of the stack in a thermoacoustic refrigerator has been completed using multi-
objective genetic algorithm (MOGA). Several combinations of the four parameters optimized have shown 
the flexibility that the algorithm provides to the designer to obtain the desired objective. The highest COP 
achieved by the four parameters optimization is 1.35. The study shows thatDRdoes not have a significant 
impact on the COP. 
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